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(57) ABSTRACT

Scalable transfer-join bonding techniques are provided. In
one aspect, a transfer-join bonding method is provided. The
method includes the following steps. A first bonding structure
1s provided having at least one metal pad embedded 1n an
insulator and at least one via in the msulator over the metal
pad. The via has tapered sidewalls. A second bonding struc-
ture 1s provided having at least one copper stud adapted to
have a taper that complements the tapered sidewalls of the
via, such that the via and the copper stud {it together like a
lock-and-key. The first bonding structure 1s bonded to the
second bonding structure by way of a metal-to-metal bonding
between the metal pad and the copper stud that deforms the
copper stud. A transier-join bonded structure s also provided.

20 Claims, 5 Drawing Sheets
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SCALABLE TRANSKFER-JOIN BONDING
LOCK-AND-KEY STRUCTURES

FIELD OF THE INVENTION

The present invention relates to transfer-join bonding tech-
niques and more particularly, to scalable transter-join bond-
ing techniques.

BACKGROUND OF THE INVENTION

A transfer-join bonding technique 1s a combination of a
mechanical lock-and-key and metal/adhesive hybrid three-
dimensional interconnect that 1s suitable for fine pitch chip-
chip, chip-water and waler-wafer connections. An important
feature of this process, 1s that the lock-and-key structure
sateguards the wafer, chip or waler/chip pair from lateral
shifts during lamination (1.e., bonding). Pitch 1s the distance
between two lock-and-key interconnect structures.

Transfer-jomn bonding relies on local pressure at the trans-
fer-join bonding interface. As such, transier-join bonding 1s
sensitive to bonding area/pitch. A smaller bonding area usu-
ally results 1n bad bonding quality. For example, for lock-and-
key interconnects of a given size, placing the interconnects at
a smaller pitch can cause a bond to fail, whereas the same
interconnects placed at a greater pitch will bond. In other
words, bonding 1s dependent on layout and density, because
local bonding pressure 1s proportional to an equivalent area
occupied by each interconnect. Smaller pitch means smaller
equivalent area which means less local bonding pressure and
worse bonding quality.

Accordingly, for a smaller bond area, a larger pressure
needs to be applied to the water, chup or water/chip pair in
order to form a good bonding interface. A higher bonding
force can be used to improve the bonding quality. Due to
tooling limitations and/or the process pressure impact to the
device, there 1s a maximum limit at which pressure can be
applied to the transfer-join bonding. As a result, this maxi-
mum limit on pressure effectively sets a lower limait for the
smallest bonding area that can be implemented. At the same
time, with the scale-down of bonding print area, 1t 1s desirable
to keep as large a bonding area as possible to make a good
bonding interface and to minimize bonding interface resis-
tance.

Therefore, transier-join bonding techniques that are scal-
able and that maximize the bonding area would be desirable.

SUMMARY OF THE INVENTION

The present invention provides scalable transfer-join bond-
ing techmques. In one aspect of the mnvention, a transfer-join
bonding method 1s provided. The method includes the fol-
lowing steps. A first bonding structure 1s provided having at
least one metal pad embedded 1n an insulator and at least one
via 1n the msulator over the metal pad. The via has tapered
sidewalls. A second bonding structure is provided having at
least one copper stud adapted to have a taper that comple-
ments the tapered sidewalls of the via, such that the via and
the copper stud fit together like a lock-and-key. The first
bonding structure 1s bonded to the second bonding structure
by way of a metal-to-metal bonding between the metal pad
and the copper stud that deforms the copper stud.

In another aspect of the invention, a transfer-join bonded
structure 1s provided. The structure includes a first bonding
structure having at least one metal pad embedded 1n an insu-
lator and at least one via 1n the insulator over the metal pad,
wherein the via has tapered sidewalls; and a second bonding,
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structure having at least one copper stud adapted to have a
taper that complements the tapered sidewalls of the via, such
that the via and the copper stud fit together like a lock-and-
key, wherein the first bonding structure and the second bond-
ing structure are bonded together by way of a metal-to-metal
bonding between the metal pad and the copper stud that
deforms the copper stud.

A more complete understanding of the present invention,
as well as further features and advantages of the present
invention, will be obtained by reference to the following
detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a cross-sectional diagram 1llustrating a first bond-
ing structure having a copper (Cu) pad embedded 1n an 1nsu-
lator and a via 1n the mnsulator over the Cu pad according to an
embodiment of the present invention;

FIG. 2A 1s a cross-sectional diagram illustrating the side-
walls of via of FIG. 1 having been lined with a Cu liner
according to an embodiment of the present invention;

FIG. 2B 1s a cross-sectional diagram illustrating the Cu pad
of FIG. 1 and a Cu liner having been formed simultaneously
in a single step according to an embodiment of the present
imnvention;

FIG. 3 1s a cross-sectional diagram 1llustrating a second
bonding structure having a Cu pad embedded 1n an msulator
and a via formed in the 1insulator over the Cu pad according to
an embodiment of the present invention;

FIG. 4 1s a cross-sectional diagram illustrating a Cu stud
having been formed within the via of the second bonding
structure (of FIG. 3) according to an embodiment of the
present invention;

FIG. S1s across-sectional diagram illustrating the insulator
of the second bonding structure (of FIG. 4) having been
planed down to the surface of the Cupad to expose the Cu stud
according to an embodiment of the present invention;

FIG. 6 1s a cross-sectional diagram 1llustrating the first
bonding structure (of FI1G. 2B) and the second bonding struc-
ture (oI F1G. 5) lined up for face-to-face bonding according to
an embodiment of the present invention;

FIG. 7 1s a cross-sectional diagram illustrating the first
bonding structure (ol FIG. 2B) and the second bonding struc-
ture (of FIG. 5) bonded together 1n a face-to-face manner
according to an embodiment of the present invention;

FIG. 8 1s a cross-sectional diagram illustrating a first bond-
ing structure having a low melting point metal pad embedded
in an insulator and a via 1n the msulator over the metal pad
according to an embodiment of the present invention;

FIG. 9 1s a cross-sectional diagram 1llustrating the first
bonding structure (ol FIG. 8) and a second bonding structure
lined up for face-to-face bonding according to an embodi-
ment of the present invention;

FIG. 10 1s a cross-sectional diagram illustrating the first
bonding structure (of FIG. 8) and the second bonding struc-
ture (of FIG. 9) bonded together 1n a face-to-face manner
according to an embodiment of the present invention;

FIG. 11 1s a table illustrating imitial melting point and
thermal conductivity values for several suitable low tempera-
ture metals according to an embodiment of the present inven-
tion; and

FIG. 12 1s a schematic diagram illustrating an array of the
present transfer-join lock-and-key structures according to an

embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Provided herein are transfer-join lock-and-key designs and
techniques for the fabrication thereof that make transfer-join
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bonding scalable to micron and sub-micron bonding inter-
faces. FIGS. 1-7 provide an exemplary transier-join lock-
and-key design that provides a larger effective local pressure
at the bonding interface (which permits transfer-join bonding
at smaller (scaled) pitches at a given tool bonding pressure)
while at the same time maximizing bonded area (which per-
mits scaling of transier-join bonding to smaller pitches and
reducing bonding resistance penalty). FIG. 1, for example, 1s
a cross-sectional diagram illustrating a first bonding structure
102 having copper (Cu) pad 106. First bonding structure 102
can be, for example, a waler or a chip, such that the present
techniques can imnvolve the bonding of a waler pair, a chip pair
or a waler/chip pair.

Further, as will become apparent from the following
description, the techniques presented herein imnvolve the fab-
rication of two separate bonding structures that are then
bonded together using a transfer-join lock-and-key design
that involves metal-to-metal (1.e., Cu-to-Cu) bonding or a
metal-to-metal/adhesive hybrid bonding. To schematically
illustrate the process, each bonding structure 1s considered to
have a top surface (or face) and a bottom surface (or back)
opposite the top surface. In some mmplementations of the
present techniques (see, for example, FIGS. 1-7), one of the
two structures 1s thpped for bonding to the other. Since, in this
instance, the top surfaces (or faces) of the structures are mated
during the bonding, the process 1s termed ““face-to-face”
bonding. However, what 1s shown in FIGS. 1-7 1s only one
exemplary bonding configuration, and other bonding con-
figurations, such as face-to-back bonding, may be imple-
mented in the same manner. The specific bonding configura-
tion employed, 1.e., face-to-face, face-to-back, etc., depends
on the particular application at hand and can, given the
present teachungs, be implemented by one of skill 1n the art.

Further, for ease and consistency of description, the first
bonding structure will be referred to herein also as the bottom
bonding structure since, 1n this particular embodiment, the
second bonding structure (see below) 1s placed on top of the
first bonding structure during bonding. Accordingly, the sec-
ond bonding structure i1s also referred to herein as the top
bonding structure.

The fabrication of first bonding structure 102 begins, for
example, with a waler having an insulator, 1.e., oxide layer
104 (e.g., a silicon dioxide (510,) layer). A substrate (not
shown) may be present adjacent to oxide layer 104. Cu 1s
plated onto oxide layer 104 and additional processing, i
necessary (such as chemical-mechanical polishing (CMP) of
the Cu), 1s performed to form Cu pad 106. Additional 1nsula-
tor, 1.¢., additional oxide material 108 (e.g., S10,), 1s depos-
ited over oxide layer 104/Cu pad 106. Cu pad 106 1s now
embedded 1n the msulator. A via 110 1s then formed 1n the
insulator (1n this example, 1n the additional oxide material)
over Cu pad 106. Via 110 can be formed using an oxide-
selective reactive 1on etching process (RIE) with Cu pad 106
acting as an etch stop. According to the exemplary embodi-
ment shown 1illustrated 1n FIG. 1, via 110 1s formed having,
sidewalls that are tapered at an angle 0, of less than 90
degrees relative to a plane x (1.€., a surface plane) of the first
bonding structure. To achieve the tapered sidewalls by RIE,
for example, the mix of chemistry can be changed, e.g., less
tetrafluoromethane (CF,), or the bias power during the RIE
can be reduced. Accordingly, the sidewalls of the via can have
more or less taper.

While first bonding structure 102 1s shown to have a single
Cu pad embedded 1n an insulator and a via in the nsulator
over the Cu pad having sidewalls that are tapered at an angle
0 , of less than 90 degrees, 1t 1s to be understood that multiple
pads/vias may be fabricated on a single bonding structure

10

15

20

25

30

35

40

45

50

55

60

65

4

using the techniques as described herein. In fact, in some
implementations 1t may be desirable to employ multiple Cu
pads and studs 1n a bonding scheme (see, for example, FIG.
12, described below).

FIG. 2A 1s a cross-sectional diagram illustrating the side-
walls of via 110 having been lined with a Cu liner 202.
According to an exemplary embodiment, Cu liner 202 1s
formed using a plating process or a sputtering process. Each
of these deposition processes are known to those of skill it the
art and thus are not described turther herein. After deposition
of the Cu liner, CMP 1s then used to remove any unwanted Cu
from the top surface of the first bonding structure. As will be
described 1n detail below, by Cu lining the sidewalls of the via
a larger interface 1s present for bonding which permits scaling
and reduces bonding resistance penalty.

Alternatively, Cu pad 106 and Cu liner 202 can be formed
in one step (rather than 1n two steps as 1s shown 1n FI1G. 1 and
FIG. 2A). This alternative embodiment 1s shown in FIG. 2B.
In this example, Cu pad 106 and Cu liner 202 are formed
simultaneously using the same plating or sputtering process.
A via having tapered sidewalls 1s formed (e.g., 1n the addi-
tional oxide material) as described in conjunction with the
description of FIG. 1, above, except that the Cu pad 1s not 1n
place prior to the via being formed. Cu 1s then deposited
(plated or sputtered) into the via forming the Cu pad and liner.
After deposition of the Cu, CMP 1s used to remove any
unwanted Cu from the top surface of the first bonding struc-
ture.

By comparison with the two-step embodiment of FIG.
1/F1G. 2A, 1n the one step process of FI1G. 2B the Cu pad and
the Cu liner are of a uniform thickness (by comparison in FIG.
2 A the Cu pad 1s thicker than the Cu liner). Either the process
shown 1llustrated 1n FIG. 1/FIG. 2A or the process shown
illustrated 1n FIG. 2B 1s acceptable for use with the present
techniques. One advantage of the one-step process (of FIG.
2B) 1s the reduction 1n the number of production steps which
can cut down on production time and overall production
costs. From this point on, the remainder of the process 1s
illustrated using the Cu pad and liner formed using the one-
step process (1.€., the pad and liner having a uniform thick-
ness). This selection 1s however arbitrary and the process
would proceed in the same manner whether the Cu pad and
liner are formed 1n a one-step or two-step manner.

FIG. 3 1s a cross-sectional diagram 1llustrating a second
bonding structure 302. As highlighted above, the present
techniques as they pertain to this particular embodiment,
involve the face-to-face bonding of a bottom structure and a
top structure (however other bonding configurations, such as
face-to-back bonding, may be employed depending on the
particular application at hand). Bonding structure 302 in this
specific embodiment 1s the top bonding structure, which waill
be tlipped for bonding with the bottom bonding structure.

The fabrication of second bonding structure 302 begins, for
example, with a waler having an insulator, 1.e., oxide layer
304 (e.g., a S10, layer). A substrate (not shown) may be
present adjacent to oxide layer 304. Cu 1s plated onto oxide
layer 304 and additional processing, if necessary (such as
CMP of the Cu), 1s performed to form Cu pad 306. Additional
insulator (1.e., an additional oxide material 308 (e.g., S10,)) 1s
deposited over oxide layer 304/Cu pad 306. Cu pad 306 is
now embedded 1n the insulator. A via 310 1s then formed in the
insulator (1n this example, 1n the additional oxide material)
over Cu pad 306. Via 310 can be formed using an oxide-
selective RIE with Cupad 306 acting as an etch stop. Accord-
ing to the exemplary embodiment shown 1llustrated 1n FI1G. 3,
via 310 1s formed having sidewalls that are tapered at an angle
0, of greater than 90 degrees relative to a plane x (1.e., a
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surface plane) of the second bonding structure. RIE tech-
niques for producing a via with tapered sidewalls were
described above.

FIG. 4 1s a cross-sectional diagram illustrating a Cu stud
402 having been formed in the second bonding structure.
Specifically, according to an exemplary embodiment, Cu 1s
plated over the structure, filling via 310. The Cu1s then planed
to the surface of additional oxide material 308, e.g., using
CMP, forming Cu stud 402. It 1s notable that since Cu stud 402
1s formed within via 310, Cu stud 402 also has tapered side-
walls, 1.¢., at an angle 0, of greater than 90 degrees (see FIG.
4) relative to a plane x (1.e., a surface plane) of the second
bonding structure. As will become apparent from the follow-
ing description, Cu stud 402 1s tapered to complement the
tapered sidewalls of via 110 1n the first bonding structure,
such that via 110 and Cu stud 402 fit together like a lock-and
key.

FIG. 5 15 a cross-sectional diagram 1llustrating additional
oxide material 308 having been planed down to the surface of
Cu pad 306, c.g., using an oxide-CMP. This process eflec-
tively exposes Cu stud 402 for bonding. Further, as shown in
FIG. 5, the tip of Cu stud 402 has become rounded by this
process. Specifically, i the process of removing additional
oxide material 308 using the oxide-CMP, Cu stud 402 will be
rounded by the force of the CMP. A rounded tip will help to
have large effective bonding pressure and as a result better
bonding quality. While second bonding structure 302 1s
shown to have a single Cu pad 306/Cu stud 402, 1t 1s to be
understood that multiple pads/studs may be fabricated on a
single bonding structure using the techniques as described
herein. In fact, 1n some implementations 1t may be desirable to
employ multiple Cu pads and studs 1n a bonding scheme (see,
for example, FIG. 12, described below).

FIG. 6 1s a cross-sectional diagram 1llustrating first bond-
ing structure 102 and second bonding structure 302 lined up
for face-to-face bonding between Cu pad 106/Cu liner 202
and Cu stud 402, respectively. Cu liner 202 and Cu stud 402
have complementarily tapered sidewalls (1.e., at angles of less
than 90 degrees and greater than 90 degrees, respectively) and
will engage each other, like a lock-and-key.

An adhesive material 602 may be added adjacent to Cu pad
306 and around Cu stud 402. This adhesive matenal 1s
optional. Suitable adhesive materials include, but are not
limited to one or more of Benzocyclobutene (BCB) and Poly-
imide. The adhesive material may be blanket deposited on the
bonding structure using any suitable conventional deposition
process. The adhesive material may then be removed from
areas that need to be exposed for bonding, such as from the Cu
pad and/or from the Cu stud. This selective removal of the
adhesive material can be accomplished using standard lithog-
raphy and etching (e.g., RIE) processes. The resultis shown in
FIG. 6.

When an adhesive material 1s used between the bonding
structures, the transfer-join bonding 1s a mechanical lock-
and-key and metal (e.g., Cu)/adhesive hybrid design. Better
bonding strength 1s provided by the adhesive matenal in
non-Cu areas of the structure, while Cu/Cu thermocompres-
stve bonding provides both electrical connectivity and bond-
ing strength to the structure.

FI1G. 7 1s a cross-sectional diagram 1llustrating first bond-
ing structure 102 and second bonding structure 302 bonded
together 1n a face-to-face manner via a Cu—Cu bond between
Cu pad 106/Cu liner 202 and Cu stud 402, respectively. The
Cu—Cu bond can be formed using conventional thermocom-
pression bonding, the parameters of which would be apparent
to one of skill in the art and thus are not described further
herein. By engineering Cu stud 402 into a tip-like triangle
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shape, as according to the present techniques, a larger effec-
tive local pressure will be transferred to the bonding interface
at a given tool bonding pressure. Thus, the drawbacks asso-
ciated with tooling limitations and/or maximum process pres-
sure 1mpact to the device can be circumvented. As a result,
transier-join bonding can be scaled into smaller pitches.

Further, by using a Cu liner (i.e., Cu liner 202) on the
sidewalls of the via (1.e., via 110) 1n the first water, a larger
bonding mterface 1s formed under Cu—Cu thermocompres-
sion. Namely, as shown in FIG. 7, upon application of force to
bond the two structures, Cu stud 402 spreads out to fill via 110
and as a result contacts both Cu pad 106 and Cu liner 202.
Namely, under thermocompression Cu stud 402 deforms
becoming shorter vertically and wider laterally, and thereby
contacts both Cu pad 106 and Cu liner 202. Advantageously,
with this present design, transier-join bonding can be scaled
into smaller pitches while minimizing bonding resistance
penalty. The present designs provide larger bonded area and,
as a result, better bonding reliability and reduced resistance
penalty when bonding structure pitch 1s scaled or bonding
structure density 1s increased.

FIGS. 8-10 provide an exemplary transfer-join lock-and-
key design that incorporates low melting point materials that
can melt and reflow at bonding temperatures thereby achiev-
ing a larger bonding interface (which, as highlighted above,
permits scaling of transfer-join bonding to smaller pitches
without bonding resistance penalty). FIG. 8, for example, 1s a
cross-sectional diagram 1illustrating a first bonding structure
802 having low melting point metal pad 806. First bonding
structure 802 can be, for example, a water or a chip, such that
the present techniques can mvolve the bonding of a water
pair, a chip pair or a waler/chip pair.

This particular example mvolves the fabrication of two
separate bonding structures that are then bonded together
using a transier-join lock-and-key design that involves metal-
to-metal (1.e., low melting point metal-to-Cu)/adhesive
hybrid bonding. As above, to schematically illustrate the pro-
cess, each bonding structure 1s considered to have a top sur-
face (or face) and a bottom surface (or back). FIGS. 8-10
illustrate a face-to-face bonding procedure, however what 1s
shown 1n FIGS. 8-10 1s only one exemplary bonding configu-
ration, and other bonding configurations, such as face-to-
back bonding, may be implemented 1n the same manner. The
specific bonding configuration employed, 1.e., face-to-face,
face-to-back, etc., depends on the particular application at
hand and can, given the present teachings, be implemented by
one of skill in the art.

The fabrication of first bonding structure 802 begins, for
example, with a water having an insulator, 1.e., oxide layer
804 (e.g., a S10, layer). A substrate (not shown) may be
present adjacent to oxide layer 804. A low melting point metal
1s then plated onto oxide layer 804 and additional processing,
if necessary (such as CMP of the metal), 1s performed to form
metal pad 806. Suitable low melting point metals include
metals that have a melting point that 1s less than the tempera-
ture used for bonding, 1.¢., less than about 400 degrees Celsius
(° C.), such as tin (Sn), indium (In), gold (Au), lead (Pb),
silver (Ag), alloys containing at least one of the foregoing
metals and/or alloys contaiming at least one of the foregoing
metals and Cu. This will ensure that the metal reflows during
bonding of the structures. Melting point and thermal conduc-
tivity data of some suitable low melting point metals for use in
the present techmques are given 1n FI1G. 11, described below.

Additional 1nsulator, 1.e., additional oxide material 808
(e.g., 510, ), 1s deposited over oxide layer 804/metal pad 806.
Metal pad 806 1s now embedded in the msulator. A via 810 1s
then formed in the msulator (1n this example, 1n the additional
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oxide material) over metal pad 806. Via 810 can be formed
using an oxide-selective RIE with metal pad 806 acting as an
etch stop. According to the exemplary embodiment shown
illustrated 1n FIG. 8, via 810 1s formed having sidewalls that
are tapered at an angle 0 -~ of less than 90 degrees relative to a
plane x (1.e., a surface plane) of the first bonding structure. To
achieve the tapered sidewalls by RIE, for example, the mix of
chemistry can be changed, e.g., less tetratluoromethane
(CFE,), or the bias power during the RIE can be reduced.
Accordingly, the sidewalls of the via can have more or less
taper.

While first bonding structure 802 1s shown to have a single
metal pad embedded 1n a via having sidewalls that are tapered
at an angle 0. of less than 90 degrees, 1t 1s to be understood
that multiple pads/vias may be fabricated on a single bonding
structure using the techniques as described herein. In fact, 1n
some implementations 1t may be desirable to employ multiple
metal pads and studs in a bonding scheme (see, for example,
FIG. 12, described below).

FIG. 9 1s a cross-sectional diagram 1llustrating first bond-
ing structure 802 and a second bonding structure 902 lined up
for face-to-face bonding. Second bonding structure 902 can
be fabricated using the techniques described, for example, in
conjunction with the description of FIGS. 3-5, above. In fact,
in some embodiments, the configuration of second bonding
structure 902 as shown in FIG. 9 1s the same as second
bonding structure 302 as shown 1n FIG. 5. Namely, second
bonding structure 902 includes an sulator, 1.e., oxide layer
904 (e.g., an S10, layer), a Cu pad 906, additional insulator,
1.e., additional oxide material 908 (e.g., S10,), adjacent to
oxide layer 904 and surrounding Cu pad 906 and a Cu stud
910 that has tapered sidewalls, 1.e., at an angle 0, of greater
than 90 degrees relative to a plane X (1.e.,a surface plane) of
the second bonding structure, and a rounded tip. As will
become apparent from the following description, Cu stud 910
1s tapered to complement the tapered sidewalls of via 810 1n
the first bonding structure, such that via 810 and Cu stud 910
fit together like a lock-and-key.

An adhesive material 912 1s added adjacent to Cu pad 906
and around Cu stud 910 (e.g., blanket coated and then cleaned
from bonding areas using lithography and RIE, see above).
Suitable adhesive materials include, but are not limited to
BCB and/or polyimide. Accordingly, the transfer-join bond-
ing 1s a mechanical lock-and-key and metal (e.g., low tem-
perature metal)/adhesive hybrid design.

FI1G. 10 1s a cross-sectional diagram illustrating first bond-
ing structure 802 and second bonding structure 902 bonded
together 1n a face-to-face manner via a hybrid metal-to-metal
bond (i.e., between metal pad 806 and Cu stud 910, respec-
tively)/adhesive bond (via adhesive material 912). The metal-
to-metal bond can be formed using conventional thermocom-
pression bonding, the parameters of which would be apparent
to one of skill in the art and thus are not described further
herein. By engineering Cu stud 910 into a tip-like triangle
shape, as according to the present techniques, a larger effec-
tive local pressure will be transferred to the bonding interface
at a given tool bonding pressure. Thus, the drawbacks asso-
ciated with tooling limitations and/or maximum process pres-
sure 1mpact to the device can be circumvented. As a result,
transier-join bonding can be scaled into smaller pitches.

The low melting point metal(s) making up metal pad 806
will, 1n thus example, reflow during the thermocompression
bonding. As a result, Cu/low melting point metal alloy (such
as Cu/Sn) will form around Cu stud 910 thus producing a
larger bonding interface. Therefore, transfer-join bonding can
be scaled into smaller pitches without bonding resistance
penalty. With the low melting point metal(s), Cu stud 910 wall
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not spread out as much upon bonding as compared with the
embodiment shown illustrated, for example, in FIG. 7,
described above. Accordingly, adhesive material 912 serves
to 111l any gaps between the structures, 1.e., within via 810.

FIG. 11 1s a table 1100 illustrating the 1nitial melting point
(measured 1 ° C.) and thermal conductivity (measured 1n
Watts per meter Kelvin W/mK) values for several suitable low
melting point metals. Materials with good thermal conduc-
tivity help heat dissipation.

FIG. 12 1s a schematic diagram illustrating an array of the
present transier-join lock-and-key structures, 1.¢., present Cu
pad/liner/stud or low melting point metal pad/Cu stud lock-
and-key structures. FIG. 12 illustrates a pitch of the lock-and-
key structures 1n the x-axis and 1n the y-axis and the equiva-
lent area occupied by each lock-and key bonding structure.
From FIG. 12 1t can be seen that as the pitch decreases the
equivalent area occupied by each lock-and-key structure also
decreases. Thus, notably, the transier-join lock-and-key
structure configurations presented herein permit a larger
elfective local pressure to be transierred to the bonding inter-
face at a given tool bonding pressure. Thus, the drawbacks
associated with tooling limitations and/or maximum process
pressure 1mpact to the device can be circumvented. As a
result, transfer-join bonding can be scaled into these smaller
pitches.

Although illustrative embodiments o the present invention
have been described herein, 1t 1s to be understood that the
invention 1s not limited to those precise embodiments, and
that various other changes and modifications may be made by
one skilled in the art without departing from the scope of the
ivention.

What 1s claimed 1s:

1. A transier-join bonding method, comprising the steps of:

providing a first bonding structure having at least one metal

pad embedded 1n an 1insulator and at least one via 1n the
insulator over the metal pad, wherein the via has tapered
sidewalls:
providing a second bonding structure having at least one
copper stud adapted to have a taper that complements the
tapered sidewalls of the via, such that the via and the
copper stud fit together like a lock-and-key; and

bonding the first bonding structure to the second bonding
structure by way of a metal-to-metal bonding between
the metal pad and the copper stud that deforms the cop-
per stud.

2. The method of claim 1, further comprising the step of:

lining sidewalls of the via with copper.

3. The method of claim 1, wherein the sidewalls of the via
are tapered at an angle of less than 90 degrees relative to a
surface plane of the first bonding structure.

4. The method of claim 1, wherein the copper stud 1s
tapered at an angle of greater than 90 degrees relative to a
surface plane of the second bonding structure.

5. The method of claim 1, wherein the metal pad comprises
copper.

6. The method of claim 1, wherein the metal pad comprises
a low melting point metal.

7. The method of claim 6, wherein the low melting point
metal has a melting point that 1s less than about 400 degrees
Celsius.

8. The method of claim 6, wherein the low melting point
metal comprises one or more of tin, indium, gold, lead, silver,
alloys containing at least one of the foregoing metals and
alloys containing at least one of the foregoing metals and
copper.
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9. The method of claim 1, further comprising the step of:

adding an adhesive material around at least a portion of the
copper stud.

10. The method of claim 1, wherein the first bonding struc-
ture comprises a waler or a chip and the second bonding
structure comprises a waler or a chip.

11. A transier-join bonded structure, comprising:

a first bonding structure having at least one metal pad
embedded 1n an insulator and at least one via in the
insulator over the metal pad, wherein the via has tapered
sidewalls; and

a second bonding structure having at least one copper stud
adapted to have a taper that complements tapered to
complement the tapered sidewalls of the via, such that
the via and the copper stud fit together like a lock-and-
key,

wherein the first bonding structure and the second bonding
structure are bonded together by way of a metal-to-metal
bonding between the metal pad and the copper stud that
deforms the copper stud.

12. The structure of claim 11, further comprising;

a copper liner lining sidewalls of the via.

13. The structure of claim 11, wherein the sidewalls of the

via are tapered at an angle of less than 90 degrees relative to
a surface plane of the first bonding structure.
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14. The structure of claim 11, wherein the copper stud 1s
tapered at an angle of greater than 90 degrees relative to a
surface plane of the second bonding structure.

15. The structure of claim 11, wherein the metal pad com-
prises copper.

16. The structure of claim 11, wherein the metal pad com-
prises a low-melting point metal.

17. The structure of claim 16, wherein the low melting
point metal has a melting point that i1s less than about 400
degrees Celsius.

18. The structure of claim 16, wherein the low melting
point metal comprises one or more of tin, indium, gold, lead,
silver, alloys containing at least one of the foregoing metals
and alloys containing at least one of the foregoing metals and
copper.

19. The structure of claim 11, further comprising;

an adhesive material between the first bonding structure

and the second bonding structure.

20. The structure of claim 11, wherein the first bonding
structure comprises a waler or a chip and the second bonding
structure comprises a waler or a chip.
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